A new hydrated rare earth borate K 2 O·CaO·4B 2 O 3 ·12H 2 O:Eu was prepared by water solution method. The crystal structure, morphology, luminescence properties were investigated via XRD, IR, TG-DSC and SEM, respectively, and it was shown that one single crystal was obtained via spontaneous crystallization. The luminescent properties were also investigated by F-4600 spectrophotometer.
Introduction
Luminescent materials with borates as the host are considered as very useful in practice and preferred materials for the high definition and projective television, due to their low synthesizing temperature, simple preparation conditions and high luminescent brightness [1] [2] [3] [4] [5] [6] . Borate doped Eu 3+ shows intense red emission lines at 616 nm corresponding to the forced ED transition ( 5 D 0 → 7 F 2 ) of Eu 3+ . Now, the borate phosphors doped Eu 3+ , such as (Y,Gd)BO 3 :Eu,YAl 3 (BO 3 ) 4 :Eu and BaZr(BO 3 ) 2 :Eu attract attention as red emitting phosphors for plasma display panels [7] [8] [9] [10] [11] .
As water molecules or OH − contained in a product have a quenching effect on the material luminescence, the present study mainly concentrates on anhydrous borate luminescent materials. The reports about hydrated borates are rare. In fact, as early as in 1965, Xie et al. [12] put forward that most of hydrated borates show luminous performance. In 2008, Liu et al. [13] Characteristic crystallization began in a few days at room temperature. The resulting white crystals of KCB:Eu were recovered by filtration, washed by deionized water, and dried in a vacuum dryer to a solid mass, at room temperature.
Characterization
The compound was characterized by X-ray powder diffraction (D8 Advance, CuKα1, 40 kV, 40 mA), FT-IR spectroscopy recorded on KBr pellets in the 400 cm −1 to 4000 cm −1 region on a Nicolet 470 spectrometer at room temperature. The emission and excitation spectra were measured by F-4600 spectrophotometer at room temperature.
Determination of crystal structure
A white crystal of KCB:Eu with approximate dimension 3 mm × 1 mm × 1 mm was selected for single crystal X-ray diffraction. Diffraction data were collected at 293 K on an automated Bruker Smart-1000 CCD four-circle diffractometer with graphite monochromatized MoKα radiation (λ = 0.71073 Å). All calculations were performed with programs from the SHELXTL crystallographic software package. Final lest-squares refinement was performed on F o 2 with the data having 3. Results and discussion 3.1. Crystal structure Table 1 . It can be seen that the two crystal lattices exhibit slight different distortions and the cell parameters a, b and c become smaller due to Eu addition. It may be caused by Eu 3+ (r Eu 3+ = 0.0950 nm) which could replace Ca 2+ ion (r Ca 2+ = 0.099 nm) in the structure. The SEM photographs of the sample crystals are shown in Fig. 2 , which clearly reveals the orthorhombic structure of single crystal. The crystal surface becomes coarser with the rare earth ion adding. 
FT-IR spectroscopy
The FT-IR spectra scanned between 500 cm −1 to 4000 cm −1 in the transmittance mode are shown in Fig. 3 . 
Thermal behavior
The thermal gravity-differential scanning calorimetric (TG-DSC) analysis of KCB:Eu has been performed using NETZSCH STA 449C simultaneous thermal analyzer (Fig. 4) . There is a sharp endothermic peak at about 100.9°C in the DSC curve, which corresponds to the melting point of KCB:Eu. There is also another sharp exothermic peak at 683.1°C, which corresponds to the recrystallization phase.
Two step weight losses appeared in the TG curve (equation 1). One step lost 8 H 2 O at 80°C to 120°C with a mass loss up to 21.8 % (The loss rate of 8 H 2 O is 22.3 % in theory) and another step lost 4 H 2 O at 120°C to 600°C with a mass loss up to 10.2 %: The emission spectra (at 616 nm) of KCB:xEu (x = 0.012, 0.024, 0.036, 0.048) under 395 nm excitation are shown in Fig. 7 . The emission intensity of phosphors increases with an increase in Eu 3+ concentration. When x is greater than 3.6 wt.%, the material luminous intensity decreases. When Eu 3+ content is low, the average distance of adjacent Eu 3+ in the lattice matrix is longer, the cross relaxation almost never happens. With the excessive amount of Eu 3+ doping, the average distance between adjacent Eu 3+ is short and the cross relaxation becomes very easy. The energy of Eu 3+ dissipates in the form of radiation in the lattice matrix, which makes the concentration quenching phenomenon happen. 
Emission and excitation spectra

Conclusions
New rare earth borates KCB:Eu have been synthesized by water solution method and the crystals have been produced via spontaneous crystallization. They crystallized in orthorhombic space group P2 1 2 1 2 1 and had a fine shape. The sample melted at 100.9°C and had two-step weight losses, one step lost 8 H 2 O at 80°C to 120°C and the other lost 4 H 2 O at 120°C to 600°C. Under UV excitation, the Eu 3+ doped KCB revealed a strong red-light emission peak located at about 616 nm. The results are significant to promoting research and development of hydration borate matrix in luminescent material applications.
